The retinal vasculature is affected in a number of clinically important retinopathies, including diabetic retinopathy. There has been a considerable amount of research into the pathogenesis of retinal microvascular diseases, but the potential contribution of the most abundant cell population in the retina, photoreceptor cells, has been largely overlooked. This review summarizes ongoing research suggesting that photoreceptor cells play a critical role in the development of retinal vascular disease in diabetic retinopathy and other retinopathies.
Introduction
The vasculature of the retina is adversely affected in a number of retinopathies, including diabetic retinopathy, retinopathy of prematurity, and also in retinal degenerations. In retinopathies where the vasculature is regarded as the central site of pathology (such as diabetic retinopathy (DR)), a central research focus to explain the visual dysfunction has been on the vasculature itself, but the potential contribution of photoreceptor cells (which account for most of the mass and metabolic activity of the retina) to the vascular disease has been largely overlooked. In genetic diseases that cause photoreceptor degeneration, in contrast, there has been great focus on the photoreceptor damage, but little interest in the retinal vasculature, even though the photoreceptor degeneration causes retinal capillaries to become damaged or degenerate (de Gooyer, Stevenson, Humphries, Simpson, Curtis, et al., 2006; Fernandez-Sanchez et al., 2012; Heegaard, Rosenberg, Preising, Prause, & Bek, 2003; Liu et al., 2016; Penn, Li, & Naash, 2000; Pennesi, Nishikawa, Matthes, Yasumura, & LaVail, 2008; de Gooyer, Stevenson, Humphries, Simpson, Gardiner, et al., 2006) . In recent years, evidence has begun to accumulate implicating retinal photoreceptor cells in the pathogenesis of retinal vascular degeneration. The goal of this review is to summarize recent evidence suggesting that photoreceptor cells play a critical role in the development of retinal vascular disease in mouse models, by comparing DR (regarded clinically as a vascular disease) and models of photoreceptor degeneration. The discussion will focus primarily on rods, since rod photoreceptor cells are more prevalent than cones in the mammalian retina.
Retinal photoreceptor cells
Photoreceptors are the most abundant cell-type in the retina (Masland, 2001) , and are the most metabolically active neuron in the central nervous system (Ames, Li, Heher, & Kimble, 1992) , and contain at least 75% of total retinal mitochondria (Demontis, Longoni, & Marchiafava, 2002; Johnson et al., 2007; Krizaj & Copenhagen, 2002; Morgans, El Far, Berntson, Wassle, & Taylor, 1998; Yang, Basinger, Gross, & Wu, 2003) . They serve a unique function in the body, absorbing light and turning it into electrical energy that results in sight. When photoreceptors are struck by a photon of light, 11-cis retinal undergoes photoisomerization to all-trans retinal, initiating a signaling cascade that results in the closing of cGMP-gated ion channels, and hyperpolarization of the photoreceptor cell. Even though it is clearly recognized that these cells are metabolically active in light, they are active also in darkness, using ATP to maintain ion gradients. The oxygen demand in rods has been calculated to more than double during dark adapta- 
